Objective-To study the determinants and outcome of arrhythmias after the Fontan type operation.
Results-Postoperative arrhythmias occurred in 34 patients (57%), and 11 (58%) of 19 early postoperative deaths (within seven days) were related to arrhythmias. Early arrhythmias occurred in 19 (32%) patients of whom 11 (58%) died. All patients with early atrial fibrillation and His bundle tachycardia died and only preoperative atrial fibrillation recurred early. There was a higher incidence of early arrhythmias, which were less well tolerated, in double inlet single ventricle patients (9119) than in those with tricuspid atresia (8/37 ). There were no other preoperative determinants of early arrhythmias or deaths from early arrhythmia. Late (after seven days) arrhythmias occurred in 15 (37% of hospital survivors). They had higher right atrial (RA) pressures both early and late after operation and had lower ventricular ejection fractions late after operation. Of those with atrial arrhythmias 86% had RA obstruction and 57% had an RA thrombus or pulmonary embolism at presentation; this was also confirmed in two patients in whom late sudden deaths occurred. Atrial fibrillation early after reoperation for RA obstruction was fatal. The actuarial arrhythmia free survival for hospital survivors was 60% at 10 years.
Conclusions-Early postoperative arrhythmias were poorly tolerated, particularly atrial fibrillation and His bundle tachycardia. Previous atrial fibrillation was a relative contraindication to this procedure. Late postoperative arrhythmias were associated with higher RA pressures measured both early and late after operation and worse late ventricular function. Late arrhythmias may be the first manifestation of RA obstruction, which must be sought. RA thrombus was common in patients with atrial arrhythmias and should be treated early with anticoagulants.
(Br Heart J 1992; 68:199-204) After Fontan and Baudet's description of a procedure for functional correction of tricus- Table 2 summarises the arrhythmias found and their outcome in the early postoperative period; 19 patients (32%) had early arrhythmias and of these 11 (58%) died in this period. Atrial fibrillation (five patients) and His bundle tachycardia (two patients) were always fatal. Four of the patients had an arrhythmia documented before the Fontan procedure (atrial fibrillation in one, reentrant supraventricular tachycardia in two, and an accelerated atrioventricular junctional rhythm in one), but only atrial fibrillation recurred in the early postoperative period, causing a rapid and uncontrollable ventricular response rate that led to death. The incidence of early arrhythmias was higher in SV (9/19 (47%)) than TA (8/37 (22%)) (p = 0-048), although the types of rhythm disturbance were the same in both groups. Early arrhythmias in the SV group were less well tolerated; 37% of patients operated on for SV died with early arrhythmias as compared with 11% in the TA group (p = 0-033). Complete atrioventricular block appeared in two patients with TA and was well tolerated; both had permanent epicardial pacing systems implanted later. An early arrhythmia was documented in the patient with pulmonary atresia (atrial flutter) and the patient with double outlet right ventricle (atrial flutter). When the preoperative variables of patients with early postoperative arrhythmias were compared with patients without arrhythmias, there were no significant differences in age (mean 12-2 (7 3) v 13-2 (6 9) years), right atrial pressure (mean 6-0 (2 9) v 5 9 (2.1) mm Hg), pulmonary artery pressure (mean 12-6 (4.4) v 15-4 (5-6) mm Hg), previous shunt duration (mean 11-7 (4 8) v 10 9 (3 9) years), ventricular function, or the presence of atrioventricular valve dysfunction.
Although not reaching statistical significance, there was a trend to higher right atrial pressures in the first 24 hours after operation in those patients with early postoperative atrial fibrillation (mean 16-7 (2 9) mm Hg) than in those either with or without other arrhythmias (15A4 (3A4) mmHg and 14-2 (3-1) mmHg respectively.
Preoperative characteristics in the group mm Hg) before the start of the arrhythmia and after restoration of sinus rhythm, and six of these patients had a gradient between the right atrium and pulmonary artery of 5 mm Hg or more,confirmingsignificantobstructiontoright atrial outflow that was clinically apparent in only two cases. Patients who developed late arrhythmias after the Fontan procedure had significantly higher mean right atrial pressure as early as 24 hours after the procedure than those who did not (mean 18-2 (3-3) v 14-5 (3-7) mm Hg; p = 0-010).
Ventricular function (as determined by radionuclide ejection fraction), of patients when in sinus rhythm within two months ofthe onset of an arrhythmia was worse than in nonarrhythmic patients (mean ejection fraction 35% (11V9%) v 45% (104%); p = 0-034), measured in both groups at a mean offive years after the Fontan procedure. The mean preoperative ejection fraction for both these groups was 52% (11 5%) .
Of the 15 patients with late arrhythmias two (sinus bradycardia with atrioventricular nodal escape rhythm one, atrial fibrillation one) were asymptomatic, nine (atrial flutter four, atrial fibrillation two, AV reentrant tachycardia two, Figure 3 shows the actuarial arrhythmia free survival (AFS) curve for hospital survivors of the Fontan procedure (41 patients). Eleven patients remain free of arrhythmia at 10 yearsan actuarial 10 year AFS of 60%. Eight patients remain free of arrhythmia at 15 years-an actuarial 15 year AFS of 50%.
Discussion
The long follow up in this series includes the pioneering experience of the Fontan procedure, with inevitable errors in patient selection as well as operative technique reflected in the higher mortality and morbidity before 1980.
The incidence of early postoperative arrhythmias was 32% (19/60 patients) with a fatal outcome in 58% (11/19 patients).
Atrial fibrillation occurred in the early postoperative period in 10% of patients, and was fatal in all cases probably because the importance of unfavourable factors which lead to a higher postoperative right atrial pressure had been underestimated. Atrial fibrillation was more common in double inlet ventricle than in tricuspid atresia even though age and preoperative pulmonary artery pressures were similar in the two groups. This probably relates to the more extensive atrial surgery in double inlet ventricle and a tendency to underestimate the degree of pulmonary vascular disease.
There was a trend to higher immediate postoperative right atrial pressures in those who developed early atrial fibrillation and this may reflect an underlying haemodynamic problem that worsened with the arrhythmia.
Preoperative atrial fibrillation recurred in the early postoperative period. With such problems resulting from atrial fibrillation in the early postoperative period, we now regard documented preoperative atrial fibrillation as a relative contraindication to the Fontan procedure particularly in the presence of other adverse factors. Atrial fibrillation early after reoperation for right atrium to pulmonary artery obstruction was also associated with fatal outcome and should therefore influence the assessment of reoperative risk. If atrial fibrillation does occur in the early postoperative period it requires immediate conversion rather than only attempts to slow the ventricular rate. The newer technique of total cavopulmonary anastomosis may avoid such difficulties with atrial fibrillation. 4 Atrial flutter, by contrast, was better tolerated early after the Fontan operation, and easily reverted to sinus rhythm, either spontaneously or by early DC countershock. His bundle tachycardia occurred in only two and was fatal because it could not be slowed or terminated; this arrhythmia was not encountered after reoperation.
The data relating to early postoperative arrhythmias in this series contrast with two recent studies; Kurer et al reported early postoperative arrhythmias in 31 (93%) of 33 patients of mean age 4-6 years, but death occurred in only three (10%).5 Gewillig et al reported a series ofmean age 7-1 years, in which 11 (9%) of 104 patients developed early arrhythmias, and 10 (90%) died. 6 The great variation in reported figures for both incidence and resulting mortality may arise from the difference in age of the populations, which was considerably greater in our series (mean 12-3 years), different surgical techniques, and an apparent absence of atrial fibrillation in the entire period of postoperative study in the other series. Recent reports ofthe experience of the Mayo Clinic show hospital mortality (8% and 11 7%) after Fontan operations performed in the 1980s resembling that in our series (10%), but give little specific information about arrhythmia.78
Atrioventricular junctional rhythms and complete atrioventricular block were both well tolerated early and late after construction of the Fontan circulation, which clearly is not critically dependent on the coordinated atrial transport of sinus rhythm.
The onset of late atrial arrhythmias after the Fontan procedure was related to raised right atrial pressure as measured both early and late after the surgery. Atrial arrhythmias were often the first manifestation of significant right atrial to pulmonary artery obstruction. Higher right atrial pressures after the Fontan procedure may be caused by pulmonary vascular disease, obstruction to right atrial outflow, or impaired ventricular function. Finding higher right atrial pressures as early as 24 hours after surgery in the group that subsequently developed arrhythmias may be explained by any of these mechanisms. In some cases obstruction and an excessive pulmonary vascular resistance were excluded at cardiac catheterisation, suggesting impairment of ventricular function as a cause.
By contrast with the series from Weber et al9 early postoperative arrhythmias did not predict the occurrence of late arrhythmia. Right atrial thrombus with or without pulmonary embolism was associated with the onset of late atrial fibrillation and flutter. Deteriorating right atrial function and flow from increasing obstruction before the start of the arrhythmia is probably the cause, but the precise mechanism cannot be determined with certainty.
Conventional transthoracic echocardiography should be useful in the detection of right atrial obstruction and intracardiac thrombus but often a poor echocardiographic window makes it difficult to image the anteriorly placed conduit particularly in older patients. 
